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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to dual-tagged recombinant fusion proteins. The fusion proteins of the invention 
are conveniently isolated and quantified, particularly in tissues from genetically modified animals. 

BACKGROUND OF THE INVENTION 

w [0002] Methods for isolating and/or detecting recombinant proteins of interest are useful in a number of applications. 
For instance, sensitive detection of transgene products in genetically engineered animals is important in determining 
the tissues in which transgene expression occurs. The proteins can be detected using a binding ligand (e.g. f an anti- 
body) that specifically recognizes the desired protein. In most cases, this procedure requires raising antibodies that are 
specifically immunoreactive with the desired protein, To avoid this requirement, various tags which can be fused to the 

15 protein of interest have been developed. For instance, the tags may include a unique epitope for which antibodies are 
readily available. Other methods include use of tags which incorporate metal-chelating amino acids. 
[0003] Single epitope tags and other related tags do not necessarily provide sufficient sensitivity to allow detection of 
transgene products in tissues of animals, however. Thus, what is needed in the art are more sensitive methods of 
detecting recombinant proteins in vivo and in vitro that are test, cheap, and easy to carry out The present invention 

20 provides these and other advantages. 

SUMMARY OF THE INVENTION 

[0004J The present invention provides fusion proteins and nucleic acids encoding them. The fusion proteins of the 
25 invention comprise a polypeptide sequence of interest, a capture tag sequence, and a detection tag sequence. The 
capture tag sequence and the detection tag sequence are each heterologous to the polypeptide sequence of interest. 
In some embodiments, either the capture tag sequence or the detection tag sequence can be an epitope tag. An exem- 
plary capture tag sequence is DYKDDDDK. An exemplary detection tag sequence is YPYDVPDYA. 
[0005] The two tags can be positioned in a number of ways with respect to each other and the polypeptide sequence 
30 of interest. For instance, the capture tag sequence and the detection tag sequence can be positioned at the C terminus 
of the polypeptide sequence of interest In addition, the fusion proteins of the invention can comprise linkers between 
the various components. For instance, the capture tag sequence and the detection tag sequence can be linked to each 
other through an oligopeptide linker. The linker may consist of less than about 1 5 amino acid residues, usually between 
about 4 and about 10 amino acids. The linker may comprise alanine residues. In some embodiments, the capture tag 
35 sequence, the detection tag sequence, or a combination thereof, can be linked to the polypeptide of interest through an 
oligopeptide linker. 

[0006] The particular protein detected in the invention is not critical. In some embodiments the polypeptide of interest 
can be angiostatin. 

[0007] The fusion proteins of the invention can be detected in an animal that comprises a nucleic acid molecule 
40 encoding the fusion protein. Typically, the assays of the invention include capturing the fusion protein in a sample from 
the animal with a compound that specifically binds the capture tag sequence; and then detecting the fusion protein in 
the sample with a second compound that specifically binds the detection tag sequence. The step of capturing can be 
carried out by contacting the sample with an antibody that specifically binds the capture tag sequence. The step of 
detecting can be carried out by contacting the sample with an antibody that specifically binds the detection tag 
45 sequence. The sample may be a tissue sample, such as lung tissue. The animal can be a transgenic or genetically engi- 
neered mouse. 

Definitions 

so [0008] As used herein a "capture tag sequence" is a sequence of amino acid residues which can be used to isolate 
or remove a fusion protein of the invention from a complex mixture. Typically, a capture tag will be a sequence of amino 
acids that specif ically binds a ligand {e.g., an antibody) and thus allows the fusion protein to be isolated from the mix- 
ture. Examples of various capture tags are set forth in detail below. 

[0009] As used herein a "detection tag sequence" is a sequence of amino acid residues which can be used to detect 
55 the presence of a fusion protein of the invention, once the protein is isolated using the capture tag sequence. Any of a 
number of means may be used to detect the detection tag. The detection tag sequence can be directly detected {e.g„ 
by fluorescence) or indirectly detected using a detectable ligand that specifically binds the detection tag. Exanple of 
various detection tags are set forth in detail below. 
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mm me phrases >**• Science in th. presence ct . 
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functional DNA or RNA. ^.^^^ are said to be "identical" if the sequence of nucleotides or amino 

5S Sequencecor^riso^etween^^ 
comparing sequences of the two 6 ^™ 8 ^ 

sequence similarity. A "companson wndow . as usedl heran, retens io *g ^ fc g 

M usually about 50 to about ^ £ fences are optimally aligned, 
reference sequence of the same number «^2SSS^ «^ by5e local homology algorithm of Smith 
[001 6] Optimal alignment of 8 *fJ*f J? of Needleman and Wunsch J. Mo/, 

and Waterman Adv. Appl. Matt. 2:482 1 ^** e ^^ Proc . MA Acad. Sci. (U.S.A) 85: 2444 

Biol. 48:443 (1970).by the search foramil ^ m ^^ h P ^^BESTFIT BLAST, FASTA, and TFASTA in the Wis- 

(1988)> by computerized ^tlc^SS^ *- Madi80n " W * W bY i^"* 0 "- 
consin Genetics Software Package, Genetics ^^®™ p £ZZL a ^ optimally aligned sequences over a com- 
[0017] "Percentage of sequence ^^^^Ze^^^^^^ 
parison window, wherein the portion of tne ^ nud ^"^ hich doe8 comprise additions or deletions) for 

tiplying the result by 100 to yield the P^T^nSr^Sces means that a polynucleotide comprises a 
SU Tne term "substantial identity"^ 
sequence that has atleast 60% sequence .der^ 

Sly at least 95%. compared toa reference ^f^^JS^^m^ ^ to de,ermine C0 ^ 
stanird parameters. One of acclt'codon degeneracy, amino 

40 spending identity of prote.ns encoded ^""^^^1 identity of amino acid sequences for these purposes 
acid similarity, reading frame pos.ton.ng ^j^^^ ^^o more preferably at least 90%. and most 
normally means sequence identity of at least .^^^ences as noted above except that res- 

preferab.yat.east 95%. Conservative amino acid substi- 

idue positions which are not identical may drffer ^J^™*^ 
« tutionsrefertothe interchangeably of '^■^^taSSSSlw acidshaving ******** 

aliphatic side chains *9lycine,alan.ne. va^ 8ide ^ i8 asparagin e and 

side chains is serine and threonme; a group of ™ a 2^ l J 1 22£ie tyrosine, and tryptophan; a group of 
glutamine; a group of amino acids having aromatic s.de ^.^^^^ ^no aci£ having sulfur-con- 

amino acids having basic side chains n. Iys.ne. ammm «dl^.^ J^P^^ are; 
so taining side chains is cysteine and meth.on.ne. ^JJJJJ ^ aspar agine-glutamine. 

cine-isoleucine. phenylalanine-tyrosme, lys.ne-arg.nine. ^"J^^mttal is if two molecules hybridize to each 
[0019] Another indication that nucleotide sequences ■^J'^J^JS dependent and will be drf- 

other, or a third nucleic acid, under ^"^XSrar^aSrb^ 5- Slower than the thermal 
ferent in different circumstances. General*, TZTwi pH The Tm is the temperature (under 

55 melting point (Tm) for the specific; ;.^ e jf^'"^ TypicaHy. 
ddined ionic strength and pH) at wh.*^ 
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0.2X SSC at a temperature of at least about 50°C. usually about 55°C, for 20 minutes, or equivalent conditions. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0020] 

Figure 1 illustrates various embodiments of the C-terminus double tagged proteins of the invention. 
Figure 2 shows the results from a FLAG-HA ELISA used to detect angiostatin-FLAG-HA protein in lung homoge- 
nates from mice. The OD values obtained for each lung sample are plotted as a function of total protein assayed. 
to Figure 3 shows a representative dilution curve for the FLAG-HA ECL assay, plotted as ECL signal versus amount 
of total protein assayed. 

Figure 4 shows that the ECL signal obtained with the angiostatin-FLAG-HA transfected lysate was inhibited by 
increasing concentrations of HA peptide. 

Figure 5 shows the result of a FLAG-HA ECL assay used to measure angiostatin-FLAG-HA protein in lung 
is homogenates from mice. 

Figure 6 shows that the ECL signal obtained with the positive lung homogenates was inhibited by increasing con- 
centrations of HA peptide. 

DETAILED DESCRIPTION 

20 

[0021] The present invention is directed to compositions and methods for use in isolating and/or detecting recom- 
binantly produced, dual-tagged fusion proteins in a variety of contexts. The proteins of the invention are particularly 
useful for sensitive detection of proteins in samples (e.g., tissue samples) from genetically engineered animals. 
[0022] The capture and detection tags can be positioned in a number of ways with respect to the polypeptide 

25 sequence of interest For instance, each tag can be placed at either the N- or C-terminus of the polypeptide sequence. 
In these embodiments, the tags can be positioned at the same or different ends of the polypeptide of interest Alterna- 
tively, either or both tags can be positioned within the polypeptide sequence of interest. For instance, DNA encoding 
either or both tags, along with appropriate splicing sequences, may be placed within an intron included in the DNA 
sequence encoding the polypeptide of interest {see, e.g., U.S. Patent No. 5,652,128). This creates a new construct 

30 including a new exon which encodes the tag sequence. 

[0023] In some embodiments, the two tags are placed at the C-terminus of the polypeptide sequence with a spacer 
or linker sequence between them. The linker sequence can be any length sufficient to allow binding ligands specific for 
each tag to bind the target. The linker is usually less than about 30 amino acid residues in length, but can be less than 
about 20, or more usually less than about 15, even more commonly, 10 or less, such as 9, 8, 7, 6, 5 or 4 residues in 

35 length. The amino acids residues used in the linkers are not critical to the invention, but are typically chosen not to be 
cross-reactive with the capture or detection sequences and to have relatively small side chains, Suitable residues 
include, for instance, alanine, glycine, valine, leucine, isoleucine, and the like. 

[0024] In addition, in some embodiments, a linker sequence can be included between the polypeptide of interest and 
the tags. In these embodiments, the spacer is designed to ensure that either or both tags are exposed, if the C- or N- 
40 terminus is buried in the folded protein. The linker sequence in these embodiments can be the same as that used 
between the tags. 

Capture Tag geguenpe 

45 [0025] As noted above, the capture tag sequence in the fusion proteins of the invention is any sequence of amino 
acids that can be used to isolate the protein from a complex mixture. The particular capture tag used is not critical to 
the invention. Typically, the capture tag is chosen such that it can be used to concentrate the fusion protein before 
detection. 

[0026] The capture tags of the invention are usually a sequence specifically bound by capture ligand that allows the 
so fusion protein to be isolated from a complex mixture. In some embodiments the capture tag is an epitope tag and an 
antibody specifically immunoreactive with the epitope tag is used to isolate the protein. A number of epitope tags are 
known in the art, examples include, myc (Roth et al, J. Cell Biol. 1 15:587-596 (1991), HA, derived from the influenza 
hemagglutinin protein (Wilson, et al, Cell, 37:767 (1984), FLAG (International Biotechnologies Inc. (IBl) t Kodak, New 
Haven, CT, see, U.S. Patent Nos. 4,793,004 and 4,851,341), IBS (RYIRS or IRS, antibodies available from BABOO), 
55 His (4, 5, or 6 histidine residues, or RGSHHHH, antibodies available from Quiagen or BABCO) AU1 (DTYRYI, antibod- 
ies available from BABCO), AU5 (TDFLYK, antibodies available from BABCO), glu-glu (a 9 amino acid epitope from 
polyoma virus medium T antigen, EEEEYMPME, antibodies available from BABCO), KT3 (an 11 amino acid epitop 
from the SV40 large T antigen, KPPTPPPEPET, antibodies available from BABCO), T7 (an 1 1 amino acid leader pep- 
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tide^r^idp^ 

tide from herpes simplex virus glycoprotein D < ^« * JtoiSrlQK antibodies available from Boer- 
from the carboxy terminus of ^f^^gSSSSt 2S52S3Si from InvHrogen). and VS (14 
hringer Mannheim) /"N*"^ 

amino acid epitope from paramoxywus S^WIPWUOX^am ^ & 

10027] 1" most instances, frearrtib^ 

Lhole antibody or an antibody fragment, ft may be ^°^^^^\^lJ y , one of skill can make the 
organism (e.g. mouse, rat rabbity.) ^J^^gSKSl Biology Volume 37: Antibodies in Cell 
appropriate antibody using well known techniques {see, ^^ '" ^ \nZnoiogy 7th Edition. Stites &Terr. 
Zlogy, Asai. ed. Academic Press Jnc. New York £993). ^ C ^^^^Z^^ The antibody 

Led on the strong interactions of pepWe ^^J^M^SSa P"*eins include the fas gene prod- 
capable of modulating transaipbon. ^^^SS^^^^ amino aCid p0Siti0nS 285 10 
uct and the jun gene product ^* J^P'^^SJ^ ^ e*. US. Patent No. 5.643.731). In these 

^rers^ 

258:598-599 (1975) tonnerdal an £ l ^ e "' ^' j^^^^a me^^elati^a^rtno acW is one which is capable of par- 
7 (1985) and U.S. Patent No. 5.047.513). M ^T^SS^^^ or complex with a metal ion. Such 
ticipating in metal binding. i.e., »^*^^S^>idini^U^»^ 

erabty. abSut six metal-chelating amino acids arein^rated into the prot« >. 

Generally, rnete^^ 
(such as. for example. Cu 2+ Zrf* N. ^ c) *"°*^^ 
the imidazole side-chain of h.stxlina^^ 

ing ligand (i.e.. by forming a chelate resm). i . ^*£££E^1£2™ *e PH is such that the electron 
pTotons lacking such groups The P"* 61 " 
donor groupisat least partially unprized Theboundpr^ 

techniques such as. for exanje. by ?^5^£^!!^^ " ™, "* M f to> 
r0031l Metal ions suitable for use in accordance with the presem P"'"**" _ 2+ ^ Nj 2+ qJ* and Fe 3 *. In 

teins having a can be used as well. For instance, specific 

r00321 Other means of specifically binding the expressed tusion P™ 6 " 1 * nhurir _ tes „_ ^ be use d to capture 
Ec^nscanbeir™^^ 
the fusion proteins (see. e.g., Drickamer SSSS.' according to well known 

[0033] The capture tag sequences of the "T^^^c^bln** Kgand (e.g.. antibody, leucine zipper 
techniques, depending upon the particular capture teg used J^J^JJ** c0 ^ng ^ fusion protein is 

=w^ 

nonspecific bonding. . . „ nafl and synthetic may be employed as the material 

[0034] Awidevarietyoforganicandinorganic^ polystyrene, 
or the sdkJ surface. Illustrative polymers include P°*^. e ^^ 

po.ymethacrylate.pofy(ethyleneterephm^ material8 M ^ ta 

ioones. polytormaldehyde. cellulose, cellulose ^j^'^S^ materials, cements or the like. Also 
employed, include paper, glasses, ««m ^SStSXLdtJ^ silicates, agarose and 

included are substances that form gels, such as prolans (e.g.. B™'JJ*2« ^extrans polyalkylene glycols or 
polyacrylamWescanbeuse^ 

^^^^^ 
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Cuatrecasas, J. Biol. Chem. 245 3059 (1 970). noncova , en tly binding a ligand can be used. Non-covalent 

[00371 Inadditiontocovalertbond.ng.vanousme^^ 

Kg tetypically «*-P^*^2^SKS^^ — surtacesfar 056 * " 0n - 

compound to prevent nonspecrfc bmdmg of wo« compo ^ 4>254i08 2. 

«Xt attachment of components are reviewed 

inpreferred embodiments. ^ enate "^ polystyrene, polyacrylamide. and the,r 

Examples of such materials include, for "J^^' be ads. which can then be used to separate 
dSves. AHernatively. the binding ligand can be ^J^SS. tor instance, from Dynal. Inc. Late Sue 
£ fusion protein according to ^"^^^ biotin-strepavidin bMng -s 

cess. NY Brun et al. Blood 1990;76(1 1)23 ^ u ^ e of pammagnetic beads are described, for mstance. m 
ufed to attach capture antibodies to the bead* M^fw use of pam g ^ ^ ^ 



[0039,^*,^^^ 
oTnVans of detecting the d^^ 

Sectly detected. Examples of directly de^e detecbon tegs ^ (1995) . Metal., 

«esequences(e.g..g^^^^^ 

Sc/enS 263:802-805 (1994). - d J-J^ epitope tags/antibodies or metal b,nd,ng 

30 Srira^crSl^ Example s of labels include, but are not 

SST ™ detectable Hgand may be labeled bygone of -^J* * ^orescent labels (e.g.. FITC. 
limited to. the following: radioisotopes (e.g.. H U '' J peroxidase. f>galactosidase. lucHerase. alka- 
hodamine. lanthanide phosphors). ££5 ^^a^nda^antJbody and the lite. In some 

35 line phosphatase), biotinyl groups, polypeptide "JJEe a to reduce potential steric hindrance. 

35 TniSnts. laoelsare -J*^^^ (K3EN Interna*^. Inc 

[00411 A preferred method of detecting the Hgand « ™u^" generation occurs when a low volt- 

Krsburg, MD 20877). Electro^emilun^nce.^ * MJ^J™^ a Senium metal ion bound to 
age is applied to an electrode, tnggenng a ^'^^^"^elate of tris-(bipyridine). A second reaction compo- 

40 the corrpound to be detected. The ruthen.um .on s bound in aj helate or ^ ^ jy^ oxidation process and 

n7nt^ 

the rutheniSn chelate is recycled. In the £ a vStS is applied. The TPA reduces the ruthe- 

45 ^Someassayfc^*™^^^ 

fusion protein is detected by s^ 
50 [0043] inthecaseofepttopeteg^epr^^^^ 

well recognized ^^^^J^^V^. for example, in a typical EUSA-based detection 
and Clinical Immunology 7th Ed* 0 " (D- urinate captore tag and a labeled antibody that specifically immu- 

Sdllchniques (see. Monroe et a... Amer. On. Prod. Rev. 5.34-41 (1986). 
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[0M 4, Theparfcularpolypep^^ 
, avarietytfdiseasessuchascongen^ papiilomovirus infection) or to modify the 

TnoTo^t^ 

^J^^*9™» of recombinant angiostatin in mouse Issues. 
, 0 f-irrrrfffffilftP nf Fllslon Proteins 

i, recombinantpolypeptides. Noattemptto general laboratory procedures required for 

» Slltypicailybeachie^ 
stitirtiveor induce). 

and a binding she foundational rotation available using £ cott Bacfflta^x (Palva, I. era/., 

[0047] Expression systems for expressing ^^^S^^SmoKlh Synthesis of heterologous proteins 
983. Gene 22:229-235; Mosbach. K. etal., ^ ™f Cold Spring Harbor Labora- 

n yeast also well Known and described. ^'^^^ 2^^LSJ!ui polypeptides 
tory. (1982) is a well recognized work describing ^^^SmuMIo various expression vectors for use in 
in yeast The polynucleotides encoding the * SSnS? STftw include VERO. COS. and 
transforming mammal or insect ce« cuKuraj ^^^^ST^o^ in the American Type Culture 

35 vae. silkworm, armyworm. moth and Drosophila^ cell jnvention ^ ^ t0 pr0 . 

(1988) BioTechniques 6(7): 682-691; include - for "H* imWa " 

(1987) Proc. Natl. Acad. Sa USA 84: 741 ^^9^^^^ phosphatidyl choline derivatives (WO 
Uum derivatives (WO 2£rS2tU^««™ 
95/35301). and p.peraz.ne derivatives CWO 95/14651 >■ DDAB (Rose ef a/.. (1991) BioTechniques 

(also called BODAI) (Solodin etal.. (1995) Bortm • ^L^^^Jy^T^ e/0 p„ys Cnem. 10:261-271). 
10(4):520-525). DOTMA(U.S. Patent No. ^S^ffiSS-i*"* -1 ** 
DMRIE (Feigner era/. (1994) J. Bfe/. Chem. g^^JJ, fi/opry& flea Comm. 179:280-285), DOGS 

endothelial cells, the transfection complex is prepared from liposomes having a vi ™™* 
eTc^le^^ 

Solc^^^ 
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erably. the liposomes are extruded through "^Jj^ co^exes ableto transfect target cells of interest. 
50nm. The resulting liposomes are rmxed with plasrmd DNA *° *™ ^\ ^ a8 m « ^ retroviral 

[0052] Repiication^efeCive retrovira) e.g., Miller ef 

genomecanalsobeusedt ^"I^^^^ 
a,. (1990) Mo/. Ce«- BW- 10:4239^90); to W 

(1991)). Widely used retroviral ^^^^SXam immunodeficiency virus (HIV), and combinatons 
eukemia virus (GaLV). sirruan Johann et al. (1992) J. Virol. 66 (5):1635-1640 

(1994) supra). . . , rtP i^oHurtion of nucleic acids into mammals. See, e.g., Berns 

0053 Adenoviral vectors are also "^^^^tLTS/V. and Haddada ef a/. (1995) Curr. 
et al. (1995) Ann. NY Acad. Sci. 772: 95-104; All ef al. t'JJJ^^ 1 ^ (AAV ).based vectors are also used to 
MMHUL —o/. 199 (Pt 3): ^^^^7525 S 38^7 Carter ef a/. (1989) U.S. Patent 
transduce cells with target nucle.c ffi^^ne Thera/y 5:793-801; Muzyczka (1994) J. 

No. 4,797,368; Carter ef al. «0 9^4641 (1993^.n (^ 
so Clin. /nvsf.94:1351 ^ SarnulsW (sup/a) for an ove^of ^v^co ^ ^ ^ ^ ^ 

described in a number «*»^?^}*tt£*!£^; Hermonat and Muzyczka (1984) Proc 
6/0/. 5(11)3251-3260; Tratschm ef a . f 1 ^^ j^g^tSLtaM e * at (1989) J. Virol.. 63:03822-3828. Cell 
A/atf Acad. Sc/. USA 81:6466-6470; McLaughhn ef a/. (Wand samuBw e a 83988-3996. 
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EXAMPLES 

[005 6] Tb.loW 

Example 1 

fi A n.HA ELISA 

ODOK) as *e capture lag saquance and ••""J**"™ "J^SS, „ , n#wBy«*"<*V «»a»eg» product 

Lets utilize a 4 amino acid ^^^^^%0 aZ% inbS. Mentations (see. Rgure 1). 
(OMB281.1). The second two constructs uWrzed la longer sp acer 1 0 «an.nes, Q M2 ^ 

1*0059] ALndwichELISAwasusedtodet^ep^ 

25*i" * tran8,ected 293 ceU8 - 

in vivo frarc rttf 9" experiment 

[0 0601 wewishedtodetermineHtheF^ 
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HA protein present in lung homogertates prepared from C57/816 mice transfected IV with the lipid formulation MB1 12 
(DOTIM:Cholesterol 1 :1 molar ratio; 1 :6, ngDNA:nmole cationic lipid). In Rgure 2, the OD values obtained for each lung 
sample was plotted as a function of total protein assayed. As shown there, 10 art of 10 lung samples returned higher 
OD values than th D5W (5% dextrose in water (w/v)) control lung samples. This r suit demonstrated that the FLAG- 
5 HA ELISA was capable of detecting FLAG-HA tagged angiostatn present in these in vivo transfected lung homoge- 
nates. 

Example 2 

10 FLAQ.HA ECL Assay (ORIGEN®) 

[0061] This example describes an electrochemiluminescent (ECL)-based assay which mimics the FLAG-HA ELISA 
described in Example 1. This assay used biotinylated anti-FLAG M2 monoclonal antibody (IBI / Kodak) as a capture 
reagent while detection was achieved with a ruthenium labeled rabbit anti-HA peptide polyclonal antibody (Santa Cruz 

is Biotech). Serial dilution experiments were performed to optimize the relative concentrations of capture and detection 
reagents. Lysates from 293 cells transiently transfected with pMB281.1 (angiostatin-FLAG-HA) were used as a source 
of double tagged protein for assay optimization. A representative dilution curve, plotted as ECL signal versus amount 
of total protein assayed is illustrated in Figure 3. As shown, a positive signal (>2-fold above background) was obtained 
when less than 0.45 ug of total protein prepared from pMB281 .1 transfected cells was assayed. However, lysates pre- 

20 pared from cells transfected with pMB249 (angiostatin-HA single tag) or pMB75.6 (vector backbone control) were not 
recognized. This result suggested that the assay was specific for the double tagged form of angiostatin. To further dem- 
onstrate specificity of the assay the analysis was repeated in the presence of increasing concentrations of HA peptide. 
Figure 4 demonstrates that the ECL signal obtained with the angiostatin-FLAG-HA transfected lysate was inhibited by 
increasing concentrations of HA peptide. This finding supports the conclusion that the assay is specific for the epitope 

25 tagged angiostatin 

[0062] A standard curve can be generated using crude transfected 293 cell lysates as a source of double tagged angi- 
ostatin. In order to establish a quantitation standard for the FLAG-HA ECL assy, the concentration of tagged angiostatin 
in 293 transfected cell lysates was quantitated. This was accomplished using an immuno-based competition assay 
measuring the molar concentration of HA epitopes in the sample. An example of this analysis is shown in Table 1. 
30 Based on the HA peptide standard inhibition curve used for the ECL competition assay, the pMB281 . 1 transfected 293 
cell lysate was calculated to contain 11.18 ug/ml angiostatin-FLAG-HA. Using this estimate of specific protein concen- 
tration, this lysate may be used as a relative quantitation standard for the FLAG-HA ECL assay. 



Table 1 



ECL Competition Assay Quantitation of FLAG-HA Tagged Angiostatin In Transfected 293 Cells 


Plasmid ID 


Equivalent HA 
peptide (pg/ml) 


Equivalent Molar 
Cone, (pM) 


Calculated Target 
Protein (ug/mi) 


Total Protein 
(mg/ml)* 


Target Protein 
Concentration 
(ug/mg total pro- 
tein) 


pMB75.6 


<90 


0 


0 


1.533 


0 


pMB249 


65086 


71594 


3.08 


1.618 


1.9 


pMB281.1 


236271 


259899 


11.18 


1.466 


11 



In vivo transfection experiment 

so [0063] The FLAG-HA ECL assay was used to measure angiostatin-FLAG-HA protein in lung homogenates prepared 
from C57/B16 mice transfected IV with the lipid formulation MB1 1 2. All of the lung samples returned higher ECL values 
than the D5W control lung samples (Rgure 5). Therefore the FLAG-HA ECL assay is capable of detecting FLAG-HA 
tagged angiostatin present in transfected lung homogenates. 

[0064] To demonstrate that the signal obtained with these lung homogenates is specific for the tagged angiostatin 
55 molecule, sample #1 0 which gave the highest ECL signal was re-tested in the presence of increasing concentrations of 
HA peptide. The results of this experiment are provided in Figure 6. The ECL signal obtained with the positive lung 
homogenate (sample #10) decreases as the concentration of HA peptide increases. The signal obtained with a control 
lung homogenate (sample #3) is below background. These results support the conclusion that the assay specifically 
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recognizes FLAG-HA tagged angiostatin in transfected mouse lung homogenates. 

[0065] It is understood that the examples and embodiments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be suggested to persons skilled in the art and are to be 
included within the spirit and purview of this application and scope of the appended claims. All publications, patents, 
5 and patent applications cited herein are hereby incorporated by reference for all purposes. 

Claims 

1 . A nucleic acid encoding a fusion protein comprising a polypeptide sequence of interest, a capture tag sequence, 
10 and a detection tag sequence, wherein the capture tag sequence and the detection tag sequence are each heter- 
ologous to the polypeptide sequence of interest 

2. The nucleic acid of claim 1 , wherein the capture tag sequence or the detection tag sequence is an epitope tag. 
is 3. The nucleic acid of claim 2, wherein the capture tag sequence is DYKDDDDK. 

4. The nucleic acid of claim 2, wherein the detection tag sequence is YPYDVPDYA. 

5. The nucleic acid of claim 1 , wherein the capture tag sequence and the detection tag sequence are positioned at 
20 the C terminus of the polypeptide sequence of interest. 

6. The nucleic acid of claim 1 , wherein the capture tag sequence and the detection tag sequence are linked to each 
other through an oligopeptide linker. 

25 7. The nucleic acid of claim 6, wherein the linker consists of less than about 15 amino acid residues. 

8. The nucleic add of claim 7, wherein the linker consists of between about 4 and about 10 amino acids. 

9. The nucleic acid of claim 6, wherein the linker comprises alanine residues. 

30 

10. The nucleic acid of claim 1, wherein the capture tag sequence, the detection tag sequence, or the combination 
thereof, is linked to the polypeptide of interest through an oligopeptide linker. 

1 1 . The nucleic acid of claim 1 , wherein the polypeptide sequence of interest is angiostatin. 

35 

12. A fusion protein comprising a polypeptide sequence of interest a capture tag sequence, and a detection tag 
sequence, wherein the capture tag sequence and the detection tag sequence are each heterologous to the 
polypeptide sequence of interest 

40 13. The fusion protein of claim 1 2, wherein the capture tag sequence or the detection tag sequence is an epitope tag. 

14. The fusion protein of claim 13, wherein the capture tag sequence is DYKDDDDK. 

15. The fusion protein of claim 13, wherein the detection tag sequence is YPYDVPDYA. 

45 

16. The fusion protein of claim 12, wherein the capture tag sequence and the detection tag sequence are positioned 
at the C terminus of the polypeptide sequence of interest. 

1 7. The fusion protein of claim 1 2, wherein the capture tag sequence and the detection tag sequence are linked to each 
so other through a oligopeptide linker. 

1 8. The fusion protein of claim 1 7, wherein the linker consists of less than about 1 5 amino acid residues. 

19. The fusion protein of claim 18, wherein the linker consists of between about 4 and about 10 amino acids. 

55 

20. The fusion protein of claim 17, wherein the linker comprises alanine residues. 

21. The fusion protein of daim 12, wherein the capture tag sequence, the detection tag sequence, or the combination 
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thereof, is linked to the polypeptide sequence of interest through a oligopeptide tinker. 



22. The fusion protein of claim 12, wherein the polypeptide sequence f interest is angiostatin. 

5 23. A method of detecting the presence of a protein in an animal, the method comprising, 

providing an animal comprising a nucleic acid molecule encoding a protein having a polypeptide sequence of 
interest a capture tag sequence, and a detection tag sequence, wherein the capture tag sequence and the 
detection tag sequence are each heterologous to the polypeptide sequence of interest. 
w capturing the fusion protein in a sample from the transgenic animal with a compound that specifically binds the 

capture tag sequence; and 

detecting the fusion protein in the sample with a second compound that specifically binds the detection tag 
sequence. 

15 24. The method of claim 23, wherein the step of capturing is carried out by contacting the sample with an antibody that 
specifically binds the capture tag sequence. 

25. The method of claim 24, wherein the capture tag sequence is DYKDDDDK. 

20 26. The method of claim 23, wherein the step of detecting is carried out by contacting the sample with an antibody that 
specifically binds the detection tag sequence. 

27. The method of claim 26, wherein the detection tag sequence is YPYDVPDYA. 

25 28. The method of claim 23, wherein the capture tag sequence and the detection tag sequence are positioned at the 
C terminus of the polypeptide sequence of interest. 

29. The method of claim 23, wherein the capture tag sequence and the detection tag sequence are linked to each other 
through a oligopeptide linker. 

30 

30. The method of claim 29, wherein the linker consists of (ess than about 15 amino acid residues. 

31 . The method of claim 30, wherein the linker consists of between about 4 and about 10 amino acids. 

35 32. The method of claim 29, wherein the linker consists of alanine residues. 

33. The method of claim 23, wherein the capture tag sequence, the detection tag sequence, or the combination 
thereof, is linked to the polypeptide sequence of interest through a oligopeptide linker. 

40 34. The method of claim 23, wherein the polypeptide sequence of interest is angiostatin. 

35. The method of claim 23, wherein the sample is a tissue sample. 

36. The method of claim 35, wherein the tissue sample is lung tissue. 

45 

37. The method of claim 23, wherein the transgenic animal is a mouse. 
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c -terminus Double Tagged Angiostatin 

AngiostatinHA-FLAG 4 alanine spacer pMB28 
YPYDVPDYAAAAADYKDDDDK 

Angiostatin FLAG-HA 4 alanine spacer pMB 2 

DYKDDDDKAAAAYPYDVPDYA 

AngiostatinHA-FLAG 10 alanine spacer pMB : 
YPYDVPDYAAAAAAAAAAADYKDDDDK 

Angiostatin FLAG-HA 10 alanine spacer pMB 
DYKDDDDKAAAAAAAAAAYPYDVPDYA 



Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Inhibition of ECL Detection by HA Peptide 
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Figure 6 
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